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ORIGINAL ARTICLES
Among distal bypass graft operations performed
for limb salvage, the ideal situation is encountered
when the runoff vessel is a named infrageniculate
vessel that is axially continuous with the plantar
arch.1-4 Unfortunately, this is not always the case,
especially in patients with diabetes or receiving dial-
ysis, the very elderly, and patients with a previous
failed bypass graft, particularly if an autogenous vein
of adequate length is not available. In such situa-
tions, we rely on other alternatives, such as bypasses
to a blind popliteal segment, frequently with gratify-
ing results in terms of limb salvage.4,5 We have also
used alternative venous conduits, such as the lesser
saphenous vein or arm veins, although the results do
not equal those with the greater saphenous vein.6,7
These alternative venous grafts often require the
splicing together of several segments and frequently
are not available because of sclerosis due to previous
cannulations. More recently, bypasses to isolated
infrageniculate vessels without obvious foot runoff
have been described.8,9 Along the same line, during
the past few years, we have performed less conven-
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tional bypass graft operations to above-the-knee
perigeniculate collateral vessels for the purpose of
limb salvage. Specifically, as recipient (outflow) ves-
sels for bypass graft operation, we used two impor-
tant perigeniculate collateral arteries (Figs. 1 and 2):
the medial sural artery to the gastrocnemius (arteria
suralis) and the highest genicular artery (arteria
genu suprema). These two collateral vessels help
reconstitute the tibial and peroneal arteries in the
leg. The aim of this review is to analyze our experi-
ence with such bypass graft operations to better
define possible indications and contraindications,
describe the unique technical aspects, and evaluate
long-range effectiveness in terms of graft patency
and limb salvage. 
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PATIENTS AND METHODS
All patients who underwent a perigeniculate
arterial bypass graft operation at Centre Hospitalier
Universitaire de Saint Etienne (Saint Etienne,
France) between January 1, 1994, and December
31, 1996, were identified from a review of our vas-
cular registry. The medical records were retrospec-
tively analyzed.
During the 2-year period, a total of 20 patients
(22 bypasses) were identified; two patients had bilat-
eral revascularizations. During the same interval,
375 additional patients underwent conventional
infrainguinal bypass graft operation (femoropop-
liteal or femorodistal) for limb salvage.
The 20 patients identified were 16 men and 4
Fig. 1. Schematic of the anatomy of the perigeniculate
collateral network (frontal view of a right limb). The
popliteal artery is shown dark to signify thrombosis
(extending into a posterior tibial artery). q, Arteria genu
suprema. qq, Arteria suralis.
Fig. 2. Lower extremity arteriogram (right limb) show-
ing the arteria genu suprema (q) and the arteria suralis
(qq). These collaterals can be seen reconstituting the
posterior tibial artery (qqq). The popliteal artery is
occluded.
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women with an average age of 69 years. Five were
current smokers, 4 were diabetics, 3 had active car-
diac disease, 4 were receiving hemodialysis on a
long-term basis, and 4 had significant hypertension.
The indication for revascularization was rest pain in
13 patients and tissue loss in the other 9 patients. In
the majority of patients (8), tissue loss involved toe
ulcers or toe-tip gangrene. In 5 patients, the current
perigeniculate bypass was a repeat operation because
of failure (thrombosis) of a previous conventional
revascularization. 
All patients underwent preoperative lower
extremity duplex studies, as well as ankle-brachial
index pressure (ABI) measurements, in addition to
conventional arteriography. The mean preoperative
ABI was 0.51 in the eight patients who had diabetes
or were receiving dialysis and 0.44 in the remainder.
Fig. 3. Arteriogram showing the arteria genu suprema
(q) as the main collateral vessel around the knee (left
limb). Note the stenosis at its origin. The above-the-knee
popliteal artery is occluded. The anterior tibial artery
occludes at midcalf. This patient would be a candidate for
a femoral-to-arteria genu suprema bypass graft operation.
Fig. 4. This arteriogram is a good example of the arteria
suralis (q) originating from a blind popliteal artery segment
and reconstituting the infrageniculate vessels (left leg).
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Thus although patients with diabetes or renal failure
showed evidence of vessel calcification on radiogra-
phy and at surgery, none had truly incompressible
vessels. All patients also underwent preoperative dig-
ital plethysmography. The plethysmogram was very
attenuated in 21 patients and completely flat in 1
patient. The latter patient had more severe gan-
grenous lesions and necessitated a more distal
bypass, with the perigeniculate vessel used as the
middle anastomotic site of a sequential bypass graft
operation.
In all 22 patients, the popliteal artery was
deemed unusable as an outflow tract; in 19 limbs, it
was entirely thrombosed, in 1 patient, it was heavily
calcified and deemed unclampable, and in the last
patient, it was aneurysmal with a distal thrombosis.
An average of 1.6 infrageniculate vessels per limb
could be identified on arteriography, for a total of 36
infrageniculate vessels in 22 limbs. No infragenicu-
late vessel was seen in one limb, one vessel was seen
in nine limbs, two vessels were seen in nine limbs,
and three vessels were seen in three limbs.
Reconstitution of the infrageniculate vessels took
place in the upper third of the leg eight times, in the
middle third six times, and in the distal third seven
times. The infrageniculate vessel most frequently
visualized was the peroneal artery (17 patients),
anterior tibial artery (10 patients), and posterior tib-
ial artery (9 patients). Moreover, a patent plantar
arch could be seen in 12 limbs.
The graft material used was the greater saphe-
nous vein in 16 patients (10 reversed veins and 6 in
situ), a cryopreserved arterial homograft in 3
patients, a 6 mm thin-walled PTFE tube graft in 2
patients, and a composite polytetrafluoroethylene
(PTFE)-saphenous vein in 1 patient. Inflow was
obtained from the common femoral artery in the
majority of patients (19 times) and the superficial
femoral artery in the other 2 patients. 
Follow-up information was obtained from a
review of outpatient medical records. All patients
underwent routine surveillance arteriography at 3
months postoperatively and duplex evaluation at 6-
month intervals. A duplex study and digital plethys-
mography were obtained before hospital discharge.
Statistical analysis of graft patency and limb salvage
was carried out using the Kaplan-Meier life-table
method. 
Description of surgical technique. The anato-
my of the perigeniculate vessels is shown in Figs. 1
through 4. For all procedures, the patients were
given a general anesthetic. Two perigeniculate ves-
sels were used in our patients: the medial sural artery
to the gastrocnemius (arteria suralis) and the highest
genicular artery (arteria genu suprema). A classic
medial above-the-knee popliteal incision is used for
exposure of the arteria genu suprema; the incision is
slightly lower for exposure of the arteria suralis. The
proximal anastomosis is fashioned onto the common
or superficial femoral artery, depending on their
patencies and the length of vein available. The arte-
ria suralis arises from the posterior aspect of the mid-
popliteal artery, approximately 1 to 2 cm above the
interarticular line (Fig. 5). It is located distal to the
superior geniculate vessels and proximal to the infe-
rior geniculate vessels. Both a medial and a lateral
sural artery exist, and they feed the respective heads
of the gastrocnemius muscle, traveling with the sural
branches of the tibial nerve. We used the medial
artery; it is surrounded by a venous plexus that is
Fig. 5. Schematic of the surgical approach used for expo-
sure of the arteria suralis. 1, Medial head of the gastrocne-
mius; 2, adductor tendon; 3, arteria suralis.
Fig. 6. Schematic of the surgical approach used for expo-
sure of the arteria genu suprema. 1, Adductor longus mus-
cle; 2, sartorius muscle; 3, arteria genu suprema.
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carefully freed-up down to the level at which the
artery dives into the gastrocnemius muscle. This lat-
ter can be mobilized and divided for 1 to 2 cm to
allow the exposure of an additional 3 to 4 cm of
artery. The arteria genu suprema, on another hand,
is located in a more superficial plane: at the posteri-
or aspect of the sartorius muscle at the level at which
this muscle crosses the adductor hiatus. The artery
pierces the subsartorial fascial sling along with the
saphenous nerve (Fig. 6). These two vessels (arteria
suralis and arteria genu suprema) are very similar in
size to an average peroneal artery, and they are usu-
ally supple and free of sclerosis. They are not partic-
ularly fragile. The artery is controlled with small
bulldog or Auckland microclamps, opened with an
ophthalmic 11 blade, and the arteriotomy is length-
ened with micropotts scissors.
Different kinds of distal anastomoses to the peri-
geniculate vessels can be carried out. From a techni-
cal standpoint, the simplest and most satisfactory
anastomosis to construct is an end-to-side anasto-
mosis of the graft onto the perigeniculate artery
somewhere along its first 3 cm; this was done in 11
of the 16 bypasses to the sural (Fig. 7) artery and in
all 6 bypasses to the highest genicular artery. An
end-to-end anastomosis is more demanding (Fig. 8),
and because the recipient vessel is not fixed, it can
often be associated with kinking or stenosis at the
site of anastomosis with knee motion. It also carries
a risk of dissection if a localized endarterectomy is
Fig. 7. Femoral-to-arteria genu suprema bypass with
saphenous vein (right limb). An end-to-side anastomosis
has been constructed. 
Fig. 8. Femoral-to-arteria suralis bypass with saphenous
vein. An end-to-end anastomosis has been constructed
(right leg).
ing with knee motion. When a sequential bypass is
being carried out, a standard side-to-side anastomo-
sis is created; we also performed this once.
Homografts do not represent particular technical
difficulties at the distal anastomotic site because the
size of the distal ends of the homografts used are
those of a normal tibioperoneal trunk. When PTFE
is needed, it is helpful to use the Carrel patch tech-
nique (as was done in one patient) or a Linton patch
or Miller cuff (as was done in the second patient). 
In all patients, a completion arteriogram was
obtained in the operating room to verify the absence
of technical defects. All patients received an intra-
venous heparin bolus intraoperatively before vessel
clamping and were kept on intravenous heparin
infusions postoperatively before being switched to
oral antiplatelet agents (usually aspirin 250 mg/day)
before hospital discharge. 
RESULTS
The results are detailed in Table I. 
Three patients died in the postoperative period
(two from myocardial infarction and the third from
a massive stroke), for a 30-day mortality rate of 15%.
In all three of these patients, the bypass grafts were
patent at the time of death. 
The average postoperative increase in the ABI
was 0.22 in patients with diabetes or receiving dial-
ysis (from 0.51 to 0.73) and 0.17 in the other
patients (from 0.44 to 0.61), with a mean of 0.20
for all patients. All patients with patent bypass grafts
had an improvement in the digital plethysmography
tracing. 
None of the surviving 17 patients were lost to
follow-up, and all 17 are still alive. Mean follow-up
for these 17 patients is 12 ± 12 months (range, 3 to
37 months). One patient was noted during follow-
up to have developed a focal isolated hyperplastic
stenosis at the proximal anastomosis; it was treated
twice with a percutaneous angioplasty with good
results. Three bypass grafts have failed (thrombosis)
during follow-up (at 1 month, 2 months, and 4
months). These three graft thromboses (one in a
patient who initially presented with tissue loss and
two in patients with rest pain) led to two amputa-
tions, both above the knee. One additional patient
required a transmetatarsal amputation because of
preexisting gangrene. One patient had postoperative
graft thrombosis secondary to bilateral lower
extremity embolization from an infrarenal aortic
thrombus, so graft failure cannot be directly attrib-
uted to the bypass. Failure in the other two patients
was thought to be secondary to very poor outflow
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required at the level of the ostium. This technique
was used in only three patients. To lessen the likeli-
hood of stenosis in end-to-end anastomoses, the
stump of the perigeniculate artery at the popliteal
level can be fashioned as a Carrel patch and sewn
end-to-end to the bypass graft (Fig. 9). This tech-
nique was used once; it still carries the risk of kink-
Fig. 9. Femoral-to-arteria suralis bypass with the distal
anastomosis fashioned in an end-to-end manner using a
Carrel patch technique (right leg).
tracts. The 1-year primary patency rate is 77% ± 21%,
the assisted primary patency rate is 85% ± 17%, and
the limb salvage rate is 90% ± 15% (mean ± standard
error). 
DISCUSSION 
The long-term effectiveness of femorodistal
bypasses for limb salvage and relief of rest pain has
been well studied; this is not the case for perigenic-
ulate artery bypasses. This report is our first step in
this process. Early in our experience, we limited the
use of such bypasses to unusual, difficult patients in
whom no other outflow vessels were available, in
whom such vessels were so calcified at exploration as
to be deemed unclampable, or in whom no adequate
length of autogenous vein could be found for an
infrageniculate bypass. Encouraged by the apparent
results, we extended the indications to use the peri-
geniculate vessels as the middle bridge in long
sequential distal bypasses and, in some patients with
rest pain, instead of distal bypasses (when the quali-
ty of the vein was not ideal) and to use prosthetic
grafts in performing bypasses to the geniculate ves-
sels, when no other arm or leg veins were available.
We have used arm veins or the contralateral saphe-
nous vein for more conventional bypass graft opera-
tions, but in our experience, this often has not been
possible either because of arm vein sclerosis due to
the previous placement of intravenous lines or
because of marginal arterial circulation in the con-
tralateral leg. The early results of perigeniculate
bypass graft operation appear encouraging with a
90% limb salvage rate at 1 year in a patient popula-
tion in whom the operative indication was tissue loss
or rest pain.
The use of perigeniculate vessels has a number of
theoretical and practical advantages in lower extrem-
ity revascularization. Because these vessels are locat-
ed in the lower thigh above the knee, the length of
the grafts required is relatively short. On the aver-
age, these bypasses are 25 to 30 cm shorter than
those that would have been necessary had more dis-
tal infrageniculate vessels been used as recipient ves-
sels. A philosophy of short bypass grafts is advocated
by several investigators and may be associated with a
lower impedance to flow.9-12 A short vein segment
allows the use of a single vein segment (ipsilateral or
contralateral above-the-knee saphenous or arm vein)
without the need for splicing together segments.
This also allowed us to completely avoid below-the-
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Table I. Outcome of revascularization attempts for all 22 patients
Pre- Post- Follow-up
Patient Age Symptom Morbidity ABI ABI Vessel Graft Outcome (mon)
01 46 RP 0.7 0.8 AS SV Graft patent 37
02 84 RP 0.4 0.9 AS SV Graft patent 30
03 73 RP DM/HD 0.4 0.7 AS SV Graft patent 28
04 74 RP 0.7 0.8 AGS SV Graft patent 23
05 70 RP 0.7 0.7 AS HG Graft patent/stenosis 18
06 73 RP DM/HD 0.4 0.7 AS SV Graft patent 15
07 49 TL 0.3 0.9 AS HG Graft patent/healed 13
08 57 TL 0.4 0.8 AS SV Graft patent/healed 12
09 75 TL 0.4 0.7 AS SV Graft patent/healed 12
10 57 TL 0.2 0.8 AGS SV Graft patent/healed 09
11 64 TL HD 1.0 1.2 AS SV Graft patent/TMA/healed 07
12 80 RP 0.2 0.7 AS SV Graft patent 06
13 85 TL 0.5 0.5 AGS SV Thrombosis/amputation 04
14 37 TL DM/HD 1.0 1.2 AS SV Graft patent/healed 04
15 71 TL DM 0.4 0.6 AS SV Graft patent/healed 04
16 81 RP 0.4 0.7 AS PTFE Graft patent 03
17 87 RP 0.4 0.5 AGS SV Thrombosis 02
18 67 RP HD 0.4 — AS SV Graft patent/died 00
19 67 RP HD 0.4 — AGS Comp Graft patent/died 00
20 75 RP 0.6 0.3 AS HG Thrombosis/amputation 01
21 81 RP DM 0.3 0.6 AGS SV Graft patent/died 00
22 90 TL 0.4 0.6 AS PTFE Graft patent/died 00
RP, rest pain; TL, tissue loss; DM, diabetes mellitus; HD, hemodialysis; ABI, ankle-brachial index; AS, arteria suralis; AGS, arteria genu
suprema; SV, saphenous vein; HG, arterial homograft; PTFE, prosthetic polytetrafluoroethylene; Comp, composite PTFE/vein; 
TMA, transmetatarsal amputation.
Cases 3 and 6 refer to the same patient with bilateral revascularizations; cases 18 and 19 also represent one patient.
Patient 11 underwent a sequential bypass graft operation. 
tional bypass graft operations when the recipient bed
is very distal at the level of the ankle. The use of pre-
operative digital plethysmography or transcutaneous
oxygen pressure measurements (TcPO2) (or both)
can be particularly useful in the decision-making
process. It is our impression that when the plethys-
mography is completely flat or the TcPO2 is less than
15 mm Hg, the use of a perigeniculate vessel as the
sole recipient of a distal bypass would be insufficient
to achieve tissue healing.
In conclusion, the technique described repre-
sents a novel approach to lower extremity revascu-
larization. The early results are promising, with
patency rates similar to those of classic femorodistal
bypasses. It offers the advantage of a shorter bypass
to a noncalcified vessel of the same diameter as the
more distal infrageniculate vessels. Further evalua-
tion is warranted in the form of longer follow-up in
a larger number of patients. 
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knee incisions in more than two thirds of our
patients; these incisions are more likely to present
with wound-healing difficulties. In our experience,
the perigeniculate vessels are remarkably free of cal-
cifications and spared of extensive atherosclerotic
changes, even in patients with diabetes or chronic
renal failure. Although bypasses to calcified vessels
sometimes can be satisfactorily carried out, they are
undoubtedly more difficult and fraught with com-
plications. Thus we have become more willing to use
the perigeniculate vessels in patients receiving dialy-
sis who have rest pain. Another advantage to the use
of perigeniculate vessels is that the diameter of these
vessels, as can be seen in Fig. 2, is an average of 2.0
mm and is not significantly different from that of
tibial or peroneal vessels. This allows the creation of
technically satisfactory anastomoses. The use of the
perigeniculate vessels for lower extremity revascular-
ization is akin to blind popliteal artery bypass but
offers a number of advantages over the latter, includ-
ing an outflow tract relatively free of disease and
more likely to be continuous with infrageniculate
vessels. Whether bypasses to the perigeniculate ves-
sels are superior to prosthetic bypasses to the infra-
geniculate leg vessels remains to be seen.
Because the long-term results are not yet known,
these procedures should at this point be used only
for limited indications, such as those we list, and in
the context of a careful long-term follow-up. The
small number of patients accumulated does not
allow a listing of strict contraindications to the use of
perigeniculate vessels in lower extremity revascular-
ization or detailed analysis of which geniculate vessel
is preferable. However, when such a bypass is being
considered, it is important that a number of condi-
tions be met. The target recipient vessel must be of
adequate caliber (at least 2 mm) and free of stenosis
along its length, and it must be the main visualized
collateral pathway around the occluded femoro-
popliteal vessels, preferably reconstituting one or
more leg vessels. 
It is important to realize that in the patient with
extensive foot necrosis, a bypass to a perigeniculate
vessel alone may not be sufficient to lead to tissue
healing. In such patients, the perigeniculate vessel
can be used as the middle anastomotic site of a
sequential more distal bypass, thereby enhancing
flow in the graft and possibly improving patency
rates, as well as improving perfusion to the lower
thigh and upper leg and possibly lessening the likeli-
hood of leg incisional problems secondary to
ischemia. We frequently perform sequential conven-
